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(54) SILICON SINGLE CRYSTAL WAFER AM) ITS PRODUCTION 

(57)Abstract: 

PURPOSE: To provide a silicon single crystal wafer having no grown-in 
defect over the entire surface. 

CONSTITUTION: When a silicon single crystal is grown by Czochralski 
method at a pulling rate of V (mm/min) with an average temperature gradient 
of G (°C/mm) in the crystal in the direction of pulling axis over a temperature 
range from the melting point of silicon and 1 300°C, the value of V/G is set at 
0.20-0.22 mm2/°C.min between the center of crystal and a position separated 
by 30 mm from the outer circumference of crystal. The value of V/G is set at 
0.20-0.22 mm2/°C.min between the position separated by 30mm from the 
outer circumference of crystal and the position on the outer circumference of 
crystal or it is increased gradually toward the outer circumference of crystal. 
Consequently, the OSF ring disappears in the center of wafer and no 
dislocation cluster, is generated on the outside of the ring. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 * * * * s hows the word which can not be translated. 

3 .In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the silicon-single-crystal wafer used for manufacture of a semiconductor device 
etc. especially the silicon-single-crystal wafer raised by the Czochrlski method (henceforth a CZ process), and its manufacture 
method. 
[0002] 

[Description of the Prior Art] The silicon-single-crystal wafer used for manufacture of a semiconductor device is mainly 
manufactured by the CZ process. A CZ process raises a pillar-like silicon single crystal by pulling up seed crystal, soaking seed 
crystal in the silicon melt in a quartz crucible, and rotating a quartz crucible and seed crystal like common knowledge, the raising 
speed, i.e., the single-crystal- growth speed, at this time - usually - 1 .0 - 2.0 mm/min it is ; 

[0003] By the way, the silicon-single-crystal wafer raised by such CZ process may produce the oxidization induction stacking 
fault called OSF generated in the shape of a ring, when thermal oxidation processing (for example, 1000-1200 degree-Cx 1-10 
hours) is received. This OSF ring is a comparatively high-speed raising speed, i.e., 1 .0 - 2.0 mm/min, so that moving to the 
periphery side of a single crystal may be known as raising speed becomes quick, and an OSF ring may be distributed over 
manufacture of Present LSI at the outermost periphery of a single crystal. The raised high-speed training wafer is used. 
[0004] However, several sorts of minute defects (a Grown-in defect is called below) exist in the silicon-single-crystal wafer 
raised at such high speed, and it is becoming clear to degrade the gate oxide-film proof-pressure property of an MOS device. 
Moreover, since these Grown-in defects are very stable thermally, they are not extinguished in the manufacture process of a 
device, but remain to the active region near the wafer front face, and it is becoming clear not only an oxide-film proof-pressure 
property but to degrade a junction leak property (for example, M.Horikawa et al. Semiconductor Silicon 1 994, p987). 
[0005] Since the gate oxide film was thin-film-ized in recent years with degree-of-integration increase of MOS type high 
integrated-semiconductor elements, such as LSI, and the diffusion layer depth, such as a source drain, became shallow, although 
the improvement in the isolation voltage property of a gate oxide film and reduction of a junction leakage current are demanded 
strongly, since these properties are inferior in the high-speed training wafer currently used for manufacture of Present LSI, to the 
latest high degree of integration, correspondence is becoming difficult especially. 

[0006] Then, raising speed is recently 0.8 mm/min. The method of raising a silicon single crystal at the following medium speed 
or. low speeds was proposed by JP,2-267 1 95,A. However, there is a trouble on the following crystal quality also in the 
silicon-single-crystal wafer raised at such a medium speed - the low speed. 
[0007] 

[Problem(s) to be Solved by the Invention] Generally, even if the temperature distribution in a single crystal are dependent on the 

structure i n CZ fur nace and raising speed changes, the distribution does not chan g e a lot. Therefore , if raising speed is changed 

ISndlfsirigle crystafis raised with the equipment which has the same structure, the relation between raising speed as shown in 
drawing 1 , and a defective generating distribution will be seen. Although this relation will change a little if equipment differs, it 
does not change to an inclination. 

[0008] Raising speed is 0.8 - 0.6 mm/min. In being medium- speed training, as shown in this drawing (A), it generates an OSF 
ring near [ 1/2 ] the radius of a silicon-single-crystal wafer. Physical properties differ by the outside and the inside of a ring, and 
the proof-pressure property of a gate oxide film is good in the field outside an OSF ring, 

[0009] However, in the field inside a ring, since some kinds of Grown-in defects exist, the proof-pressure property is not good. 
The infrared dispersion defect which is formed during crystal training and observed by the infrared tomograph method in the state 
of as-grown especially is about 106. An individual / cm3 It generates by density. Since this defect considered to be a 
precipitation-of-oxygen object is very stable thermally, it does not disappear in the heat treatment process of a device, either, it 
remains to a device active region, and a junction leak property is also degraded. 

[0010] Moreover, it generates by width of face of several mm - about 10mm, and the OSF ring itself is about 1 04. An individual / 
cm2 Since OSF is included by high density, it becomes the cause of worsening, the property, for example, junction leak property, 
of a semiconductor device. Furthermore, in this field, when a wafer is heat-treated, a precipitation-of-oxygen object is generated 
by the density of 108 -109 cm-3. The nucleus of this precipitation-of-oxygen object is also thermally stable, and even 
1250-degree C heat treatment grows. Therefore, it becomes the cause by which the OSF ring itself degrades the property after a 
device process. 
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[00 1 1 ] It is the raising speed of a silicon single crystal 0.6-0.5 rnrn/rnin When it is made to fall, as shown in drawing 1 (B), the 
diameter of an OSF ring becomes still smaller and OSF occurs the shape of a ring, and in the shape of a disk near the center of a 
wafer. Since the area outside a ring increases, although an oxide-film proof-pressure property improves, instead, a transposition 
cluster occurs in the periphery section of a ring outside. For a size, density is [ this transposition cluster ] about 103 at about 
10-20 micrometers. An individual / cm2 It is a grade and a bird clapper is well known to the cause by which this also degrades 
the property of a semiconductor device. 

[0012] Moreover, in the silicon-single-crystal wafer raised by the CZ process, an oxygen impurity is 1 - 2x1018 atoms/cm3. It is 
contained by concentration. And it is as having mentioned above that precipitation of oxygen happens with heat treatment (for 
example, dozens of 600- 1 1 50 degree-Cx hours) in a device process for this; oxygen impurity. While this precipitation-of-oxygen 
object is generated in a device active region and degrades the property of a device, it acts as a site which carries out gettering of * 
the heavy metal contamination generated in a device process. 

[001 3] Since precipitation of oxygen happens strongly, although the usual in thorin chic gettering ability (henceforth IG ability) is 
obtained in the field inside an OSF ring, since this precipitation of oxygen cannot happen easily, IG ability falls m the field which 
the transposition cluster outside an OSF ring generates. 

[0014] Thus, raising speed is 0.8 - 0.5 mm/min. Since an OSF ring remains, there is nothing as the ring itself is a defective 
generating field, and a defect occurs also within and without a ring, the wafer raised by medium speed does not fit manufacture of 
a highly-integrated semiconductor device. 

[00 1 5] On the other hand, raising speed is 0.5 mm/min. With the wafer raised at the following low speeds, as shown in drawing 1 
(C), an OSF ring field disappears in the center section of the wafer, and the field which the infrared dispersion defect inside a ring 
generates in connection with this also disappears. However, a transposition cluster occurs all over a wafer. It is as the bird clapper 
having mentioned above to the cause of the fall of a device property and the fall of IG ability of generating of a transposition 
cluster. Therefore, a low-speed training wafer does not fit manufacture of a highly-integrated semiconductor device, either. 
[0016] As mentioned above, in training of the silicon single crystal by the present CZ process, however it may adjust raising 
speed, a detrimental defect will arise in a part of direction [ at least ] of the diameter of a crystal, and the wafer of a whole surface 
non-defect will not be manufactured. 

[0017] The purpose of this invention is in the thing which do not have a detrimental defect over the whole surface and for which 

the silicon-single-crystal wafer and its manufacture method of quality CZ process training are offered 

[0018] 

[Means for Solving the Problem] By the way, this invention persons acquired the important following facts about the generating 
position of an OSF ring previously. 

[0019] Although the path of an OSF ring changes depending on the raising speed of a ciystal and the path decreases with the tall 
of raising speed with the crystal training equipment which has the same structure, when training equipment is different and hot 
zone structure changes, even if it is the same raising speed, the paths of an OSF ring differ. However, when setting raising speed 
of a single crystal to V (mm/min) and setting the average of the temperature gradient in a ciystal of the raising shaft orientations in 
the pyrosphere from the silicon melting point to 1300 degrees C to G (degree C/mm), the path of an OSF ring is uniquely 
determined by the ratio expressed with V/G. That is, it becomes possible by controlling V/G value to be able to generate the 
position with an eye on an OSF ring, and to also make it disappear. 

[0020] However, even if it controls the generating position of an OSF ring by control of V/G value, it cannot be made to 
disappear to Grown-in defects, such as an infrared dispersion defect and a transposition cluster. 

[0021] Then, this invention persons investigated as follows the influence of V/G value exerted on a defective distribution. It asked 
for temperature distribution in case a solid-liquid interface is in each position of 1 00,200,300,400mm from the shoulder of a 
single crystal, respectively in comprehensive heat transfer analysis, in this heat transfer analysis, if the effect of the temperature 
distri bution by the convection current i n a melt is not taken into consideration, we will be anxious about a different solid-liquid 
interface configuration from practice being acquired, and the temperature distribution in the elevated-temperature section near 
especially a solid-liquid interface in a crystal changing an actual thing and a little with these The problem on this calculation has 
been improved, in order to obtain exact temperature distribution rather than it can set in the elevated-temperature section, the 
configuration of the solid-liquid interface in each above-mentioned position was further measured from the real crystal, the 
shaft-orientations temperature distribution inside a crystal were again calculated as the melting point of silicon by having made 
temperature on the front face of a crystal according the temperature in an interface to this and the above-mentioned thermal rating 
into boundary condition, and the direction distribution of a path of a shaft-orientations temperature gradient was calculated after 
this. The horizontal axis was set as the direction position of a path, and drawing 2 showed the defective distribution by setting a 
vertical axis as V/G value. 

[0022] V/G value is 0.20mm2 / **, and min so that drawing 2 may show. When it is the following, a transposition cluster occurs 
in the direction whole region of a path. V/G value is 0.20mm2 / ** and min. It takes for becoming large and a field changes in 
order of a defect-free field and OSF ring generating field and an infrared dispersion defective generating field. Although the 
rninimum of a defect-free field is regularity (0.20mm2 / **, and min) regardless of the direction position of a path here, between a 
crystal center and the position from a crystal periphery to 30mm, it is infinite for being fixed (0.22mm2 / **, and min), and 
between the position from a crystal periphery to 30mm, and a crystal periphery position, it is taken for approaching a crystal 
periphery and serves as size. And even when hot zone structures differ, various defects are distributed according.to this drawing. 
[0023] That is, if it pulls up with hot zone structure and speed is decided, V/G value in the direction of the diameter of a crystal 
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which the training equipment has will be determined like a dashed line, raising speed - VI it is -- a case -- the V/G curve 
infrared - an infrared dispersion defect arises by the crystal part which crosses a dispersion defective generating field, and an 
OSF ring is generated by the crystal part which crosses an OSF ring generating field Therefore, it pulls up and speed is VI . An 
OSF ring is generated in the outermost periphery of a wafer, and an infrared dispersion defect produces a case in the field of the 
inside. When raising speed falls, a V/G curve is V2, V3, V4, and VS. It moves like and the direction distribution of a path of the 
defect generated into a crystal changes. 

[0024] Since the lower right generally serves as [ a V/G curve ] ** regardless of the raising speed of a single crystal depending on 
V/G by that V/G from which what should be observed here becomes defect-free in the direction whole region of a path of a single 
crystal in training of the silicon single crystal by the CZ process exists, that it is possible to abolish a defect in the direction whole 
region of a path of a single crystal if it puts in another way, however the conventional training, they are two points of being unable 
to perform supposing that it is defect-free in the direction whole region of a 

[0025] Although a V/G curve describes in detail that the lower right serves as ** later, the shaft-orientations temperature gradient 
in a crystal is because it is large in the periphery section as compared with a core. Namely, since G takes toward a periphery from 
a center and V increases in the fixed state, as for a V/G curve, the lower right serves as **. Therefore, although V/G which 
becomes defect-free in the whole region of the direction of a path exists, the whole wafer surface cannot be made defect-free. 
[0026] For example, VV1 An OSF ring is generated in the outermost periphery of a wafer, and an infrared dispersion defect 
generates a case in the inside. This is high-speed framing of the general former. VV1 V2 [ late ] and V3 If it becomes, although 
an OSF ring will be generated in the direction pars intermedia of a path of a wafer and the outside will serve as a defect-free field, 
inside, an infrared dispersion defect occurs. This is medium-speed training and is equivalent to drawing 1 (A). V is V4 [ still 
later ]. If it becomes, although an OSF ring will be generated in a wafer core and a defect-free field will remain in the outside, a 
transposition cluster occurs in the outermost periphery. This is medium-speed training equivalent to drawing 1 (B). V is V5 [ still 
later ]. If it becomes, although an OSF ring will disappear in a core, a transposition cluster occurs all over a wafer. This is 
low-speed fraining equivalent to drawing 1 (C). Moreover, 0.20-0.22mm2 / **, and min from which a defect does not produce 
V/G in the crystal-center section temporarily Even if it manages, in order to take for separating from the crystal-center section and 
for V/G to fall, a transposition cluster is produced except a core. 

[0027] Thus, in training of the silicon single crystal by the CZ process, although V/G which can form a defect-free field in the 
direction whole region of a path of a single crystal exists, since the lower right is the curve of **, V/G cannot make the whole 
wafer surface defect-free. 

[0028] However, if V/G can be made into a straight line fixed in the direction of a path, or the curve of right going up increased 
gradually in the periphery section in the direction of a path of a single crystal, generating of a defect can be prevented in the whole 
region of the direction of a path. Based on this assumption, this invention persons performed further investigation analysis, 
Consequently, it could consider as the straight line as shows V/G to drawing 2 as a solid line depending on the structure of the hot 
zone of crystal training equipment, or the curve after ****, consequently the defect-free field was formed in the direction whole 
region of a path of a single crystal, and manufacture of the whole surface defect-free wafer which was impossible until now carries 
out the knowledge of the bird clapper here possible, and it came to complete this invention. 

[0029] The silicon-single-crystal wafer of this invention is a silicon-single-crystal wafer raised by the CZ process, when thermal 
oxidation processing is carried out, it is a low-speed training wafer with which the oxidization induction stacking fault (OSF) 
generated in the shape of a ring disappeared in the wafer core, and it is characterized by eliminating the dislocation cluster from 
the whole wafer surface. 

[0030] Moreover, in case the wafer manufacture method of this invention raises a silicon single crystal by the CZ process When 
setting raising speed to V (mm/min) and setting the average of the temperature gradient in a crystal of the raising shaft 
orientations in the temperature requirement from the silicon melting point to 1300 degrees C to G (degree C/min), Between a 
c rystal-center position and the positi on from a crystal periphery to 30mm, they are 0.20-0.22mm2 / ** , and min about V/G value. 
It carries out. Between the position from a crystal periphery to 30mm, and a crystal periphery position, they are 0.20-0.22mm2 / 
**, and min. It is characterized by carrying out or making it increase gradually toward a ciystal periphery. 
[0031] 

[Function] Since an OSF ring is the low-speed training wafer which disappeared in the wafer core, the wafer of this invention 
does not include the infrared dispersion defect generated in OSF and its inside. And the dislocation cluster which should, be 
generated outside is also eliminated. Therefore, it becomes the quality wafer which does not have a detrimental defect over the 
whole surface. 

[0032] Moreover, by the wafer manufacture method of this invention, the temperature distribution of CZ furnace are adjusted so 
that V/G value may cross only a defect-free field in the direction of the diameter of a crystal. The lower limit of a defect-free field 
is 0.20mm2 / **, and min here. A upper limit is set into the portion it is fixed and excluding 30mm from a periphery, and they are 
0.22mm2 / **, and min. It is fixed and the gradual increase is carried out toward the periphery in the portion from a periphery to 
30mm. Therefore, between a crystal-center position and the position from a crystal periphery to 30mm, they are 0.20-0.22mm2 / 
**, and min about V/G value. It carries out. Between the position from a crystal periphery to 30mm, and a crystal periphery 
position, they are 0.20-0.22mm2 / **, and min. By carrying out or making it increase gradually toward a crystal periphery, the 
low-speed training crystal which an OSF ring disappears in the crystal-center section, and does not contain a dislocation cluster is 
obtained. 

[0033] Generally the shaft-orientations temperature gradient in a crystal has the large periphery section as compared with a core. 
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It is this having the exoergic section in CZ furnace below a crystal, and the heat flow rate which flowed from the solid-liquid 
interface since the upper part of a crystal and the circumference were the low-temperature sections pulling up under a crystal, 
meeting a shaft, and flowing toward the upper part and the direction of a front face of a crystal (periphery). It is because a crystal 
is cooled, and the heat dissipation from a crystal front face is as large as the furnace at which a crystal is easy to be cooled, and the 
temperature gradient in the periphery section tends to become large. Therefore, at general CZ furnace which has the structure 
where a crystal cooling power is large, the direction distribution of a path of V/G in the crystal under growth has the inclination to 
fall toward a periphery from a center, at a fixed raising speed. At such a CZ furnace, though V/G value is in the defect-free field of 
drawing 2 in a core, if a periphery is approached, it will separate from this field, and in order to cross the field which a dislocation 
cluster generates, generating of a dislocation cluster is not avoided. 

[0034] However, since, as for CZ furnace at which a crystal is hard to be cooled, the direction of a heat flow rate mainly flows 
toward the upper part conversely rather than a periphery and, as for the crystal front face of the elevated-temperature section 
conversely near the melting point, temperature tends to become high relatively by radiation from a melt, a quartz crucible, a 
heater, etc., a temperature gradient becomes low a little rather than a center. However, for a certain reason, the heat dissipation 
from a crystal front face does not have a temperature gradient with a bird clapper small without any restriction not a little, either. 
At CZ furnace which has the structure where a crystal is hard to be cooled, V/G value serves as an inclination which increases 1 
certain or a little in the direction of a path, and does not increase without any restriction from this. Therefore, if such a CZ furnace 
is used and V/G value is made to exist in a defect-free field in the crystal-center section, in the direction whole region of a path, it 
will not separate from V/G value from a defect-free field. Consequently, though an OSF ring is the low-speed training crystal 
which disappeared in the core of a crystal, the single crystal which a dislocation cluster does not generate is obtained. 
[0035] The temperature gradient in the elevated-temperature section near the melting point in a crystal is not necessarily fixed at a 
crystal orientation, and it changes from the top section a little, applying it to the taele section. This "is for the heat flow rate which 
carries out an inflow outflow to change to a crystal, when the thermal environment in CZ furnace changes with change of that 
heater power changes in order to maintain a fixed diameter at the time of a crystal growth, crystal length, ******** } etc., etc. 
gradually. Therefore, in the conventional CZ process, the defective distribution which V/G value also changes and generates it 
also changes with change of the temperature gradient of the crystal orientation accompanying increase of the amount of raising to 
shaft orientations every only (refer to drawing 3 ). 

[0036] Then, to change of the temperature gradient G of a crystal orientation, it pulls up so that V/G may become fixed, and speed 
V is adjusted (refer to drawing 5 ). doing so - the shaft-orientations whole region - also setting - the whole surface - it becomes 
possible to suppose that it is defect-free Thus, though it pulls up for the purpose of defective control and speed is controlled, 
diameter control of a crystal is possible as usual. That is, though it pulls up by the fixed span for every time for several seconds 
and speed is fluctuated control and it of heater power, linkage, or around a target raising speed independently required for 
defective control, the average raising speed V does not change, but V/G value made into the purpose are maintained. This is 
because generating of a defect is not influenced to change of the raising speed of such a short time 
[0037] 

[Example] The example of this invention is explained below. 

[0038] In CZ furnace which can raise 18 M 6 in which quartz crucible and carbon crucible were installed" single crystal The 
relative position of the cylinder-like carbon heater and crucible which were installed in the circumference of a crucible, The 
distance of the nose of cam of the radiation cover object of 5mm in thickness, and the semicircle drill configuration of 200mm of 
diameters of opening and melt front face which consist of carbon installed in the circumference of a training crystal, The 
comprehensive thermal rating examined conditions variously, in portions except the field from a crystal periphery to 30mm, such 
as heat insulator structure of the circumference of a heater, V/G was almost fixed, and the above-mentioned conditions were 
determined so that V/G might increase in monotone toward a periphery in the field from a periphery to 30mm. A calculation 

result is shown in drawing 3 . 0, 100-700mm in drawin g is the amount of crystal raisin g. 

[0039] After determining the above-mentioned conditions, 65kg of high grade polycrystal silicon is put into 1 8" quartz crucible, 
boron is doped, the heating dissolution of the polycrystal silicon is carried out, a crystal- growth direction pulls up [ a diameter ] 
the single crystal of <100> by 150mm, and speed is 0.45 mm/min. It raised to a length of 1300mm at a low speed. 
[0040] the crystal after training - a crystal orientation and parallel - 1 .5mm in thickness - starting - HF and HN03 from - 
dissolution removal of the processing distortion is carried out in the becoming mixed-acid solution, and it is further immersed into 
a rare HF solution, and the rinse was carried out and it was made to dry by ultrapure water after that After heat-treating this 
sample in 800 degrees C / 4hr+1000 degrees C /, and 16hr dryness oxygen, the X-ray topogrph investigated the generating 
distribution of a defect. Although the distribution of a defect was shown in drawing 4 , the distribution of the investigated defect 
became a thing corresponding to the calculation result of drawing 3 as follows. In addition, the number in drawing 4 is the length 
from the shoulder of a single crystal, and corresponds to the amount of raising in drawing 3 . ~ 
[0041] a ratio with the average G of the crystal orientation temperature gradient from the raising speed V and the melting point to 
1300 degrees C ~ in the direction of a path of a crystal, V/G is about 1 constant value from a center up to the position of 45mm, 
and is increasing in monotone toward the periphery section from the position of 45mm In addition, the position of 45mm is 30mm 
in position from a periphery from a center. 

[0042] As a result of managing V/G in this way, at the shaft-orientations part from the crystal top to 200mm, V/G in the 
crystal-center section is 0.20mm2 / **, and min. It is the following and the dislocation cluster occurred throughout the direction of 
a path. If it applies to 500mm from 200mm, V/G in the crystal-center section is 0.22-0.20mm2 / ** and min. It has become. At 
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about 400mm, V/G is especially 0.22-0.20mm2 / ** and min in the field from a crystal center to 45mm. It is maintained. Since 
V/G increased from 45mm in monotone in the outside field and V/G was managed by these in the defect-free field throughout the 
direction of a path, generating of the detrimental Grown-in defect of others, such as an OSF ring and an infrared dispersion defect, 
was not seen throughout the direction of a path. At the part applied to a crystal tail from 500mm, V/G in the crystal-center section 
is 0.22mm2 / ** and min. Since it exceeded, the OSF ring was generated and the infrared dispersion defect occurred in the 
inside. 

[0043] As shown in drawing 5 based on such a result next, the about 400mm [ in the aforementioned example ] V/G curve was 
reproduced in the overall length of a crystal orientation. That is, V/G is 0.22-0.20mm2 / **, and min in the field from a crystal 
center to 45mm. It was maintained, and the target raising speed in a crystal orientation was set up so that V/G might increase from 
-45mm in monotone in an outside field. Other operating conditions except raising speed were set up like the aforementioned 
example, and raised the single crystal of 6"B dope <100> and 1 300mm of crystal length. The generating distribution of the defect 
in this crystal was investigated by the same method as the aforementioned example. In the overall length applied to the taele 
section, generating of an OSF ring, an infrared dispersion defect, and a dislocation cluster was not seen from the top section 
[0044] F 
[Effect of the Invention] The silicon-single-crystal wafer of this invention is very stable thermally, remains or grows up to be a 
device active region, since the detrimental Grown-in defect (an infrared dispersion defect, an OSF ring, dislocation cluster) which 
degrades the reliability and the junction league property of a gate oxide film is not included over the whole surface, it is used for a 
high integrated-semiconductor element, prevents the property degradation, and contributes it to improvement in the element 
manufacture yield, as explained above. Moreover, manufacture of such a quality CZ silicon-single-crystal wafer is easily attained 
by the wafer manufacture method of this invention. 



[Translation done.] 
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(54) [B9§©£»] ^U3>*|Sa«>x-A*«fct«-©ttt*«fe 



(CT) [gft] 

^SIBSfc. 3l£±tfgg£V (mm/Bin ) U y'J 

?ym&ti*h 1 3 o ox;£T-<ofig«Bt;:i3tti,3l£-t 

ffWrtri^^SrtaS^E^^e^ G (t/mm) fc 

-r&t § . v/Gmte&**&wtm$iMm*t> 30 

mm^-CcOfiStcOia'C'JiO. 2 O~0. 2 2mm 2 /*C ■ 
min fcU t£&!M$frt>3 0mm£T<?)&m.tt&&9\-m 
ftSfc^STIiO. 2 O-O. 2 2ram' /*C • min t^h 

i>^L<im$&mzftfr^Tm<ftmzith. osf 
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TMW-SBt, 3l#±lfa[££V (mm/min ) tU 

i^'J rj ym&i)*t> 1 3 o ox:i-c^iaSKH{ctJJt&?l 
#±tf«rtri»iote B B Brtiag^i;^%ffi^G (ic/m 
m) ft* t v/G«j&tSa«Wffi«fcl&BW-H*» 

Omm^-e^fiSfc^ia-CtiO. 2 0~0. 2 2mm' 
/C • min k U teMHH30mm^tiDfl[ltJg 
i&WaG[Sfc<Dig-roO. 2 OM). 2 2mm' /C • min 

[OOOIJ 
[0002] 

zffit «i^»c7)iffl < ^mmnois y a >imizw&f& 

Ml S ±ff h Z. k tc J: *) . RtHfcO^ 'J n yiMHSSrW 

JSMS&WjfcagttilSl. 0-2. 0 mm/min . 
[0003] kC^T, Cl<OJ:o^CZSfcJ:0WjSL 
tyyaylM^x-zMl SSIfcBUi (Ptefcf 1 0 
00~1200X:xi~10B^) £gJtfck£fc*, 0 

>7VttzmL-t& o s f t n tox&mfmimmxf&f: 



ductor Silicon 1994, p987) . 

[00053 mL s i m<r>Mo smuhMmxmttm? 

mwmjmtm&mt&x y - ? n^<m 
mm<mi 8*tT»**, -swe-ls i osBtufseffls 

#>. w^^mz^wmizMLxiiMm^wmiz^ 

10 [0006] -e.IT'fti6fc&->T . 3l#±tf 3£S#0. 8 
mm/min OTW+ja*3t{iffiS-C>-U 3y#te B B B 2rW 

jfcts^asHfm^ -2671 9 5mmizx vmsz 

[0007] 

g^icz^rtcoigjgfcteffLTfco. §i#±ff5£g 

20 mtmmtimmwizz*). wzum&t&it 
z-£xtm&t:iifSL-ti> t.mi iz^rx 5 agi £±tf 

^k^fS£#ftfc<0W8& { jL*>i-i&. §£ffi#H3:£ 
k ^WftHSTF^tt&av «[6J^T'^-TS £ k li 

[00 08] ?|^±tf3Lg* s 0.8'M).6mni/min <04> 

mgtfLnm&M^ mm (a) t^-riot. y'jay 
*isa* x 1 / 2 ffifffco sf y >^#*& 

f y oms^s-to. y- hmj&vmssm 

30 

[0009] l*>u yy/iOrtfflk^^Tii. <-K 

0*H^aS<OCrown-in^*5#ft-tS^46, *-<9WffiB 

mo* fli/cm^ ^rc^-rs. itswaiiBjt^ 



m< Khiz^tixm&g^mm^mrth^ttmh 
tixa *) . ?i£L s 1 ««Sfct4. osf'j y*yjHt 

a. iTSRb^l. 0~2. Omm/mn T'W^$iut©i$W 

[0004J t* 1 L^sr* 1 ^, a ^sarrwis^tL 
fcvU3>«i6anrx-Mt:«s®<aa/hxiia (ar& 

owt-inXBgfcBrf ) *«L X MOSf^.^-b 
fc. itl^W&wi-in^SJftWfcffifeT^^C 

b&ztfrt,. 7*4 X0m&rv*x*\izti\\xi>m 
mt. ^x-^m^mmmmzmL. mm 

HB^^fcr^oT^^ (0«X.JfM.Horikawa et al.Semicon 



t^ixhz<Dm^mm\,zm>x^x'hh^x\ f< 
^ A<7mmrv*ATi>mm-& z\ta%<. r'W 

[0010] itOSF>jy/aflt|J v »mm~l 0m 
40 mgJK^taT'^iL, »1 0< I/cm' iOa^ST'O 

-tw&zmkZikhffifflzKh. igfc. >r<^s«tc 

fx-^|ft«SlL3tlg(Cl 0 8 ~10 9 cm-3(0 

WfcSJTC* 0,125 0Ttt*M81?fc«*f *, ft 
•>T> 0SFyy^e«ct>T^^7*a-fcX^)!mtSr 

[0011] ^y3y#fe^g|^±j-nSjgSr0.6-O. 

5 mm/min tCfiT$€^^t«. 121(B) iZ*t 

50 jidfc, osFyy^<oSS* { se(c/h$<^o. ->x- 
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> vo+'&ftiSfc: y yfifit tz liR&tf osf 

w&®m£th#. ft*>r>x»>mmmmKM 

1 0~2 0/imT?&S#£>l 0 3 il/cm 2 gJgT'fc 

[00 1 2] ifc, CZ&T'WftS to: S^nyi}^ 
•>xw\fc|±, m^Fm»i} { 1^2X1 0" atoms/ c 

fcfttr^xro*XTco»««l (#U{f6 0 0~l 

1 5 0-cxia-mia) tzx vmmt&tfmzzztKi. 
[0013] osf 'j vys. wmcommTiimmiii 

7ffe (JiTFI GfgfcV*3 ) #*#<?il&#\ OSF'J>/ 
[00 14] dcOiotl. ^l^ifmg^.S-O. 5m 

[0015] -1f. ?l^±tfat^W). 5 mm/Bin £TF 
WflSarcWlfiSJiLfc^x-ATtt. 01(C) tc^-TJ: 
osFV>-/m%tVx-wP£&X'mmL. 
ififcft^y y^J 0 rtM^^hflS^Sg*^^ 

I Gmco&T^MSiz^tZ fcliB£U3I'5-C&&„ 

got. qmfov *->^mm&^mFwm. 



U»U m&ff)m±.lfm&.ZV (mm/min ) b 

u i/v? >m&t}*t> 1 3 o o x £ -?asaiftc&ft& 

m) t-f&tZ. V/GX'$khZtl&itiZi*)OSFV 
v7<rymi.-^mizid&Zixh. o2 0, v/Gffi£#J 
WtSitfciO, OSFyy^-HB^fc-fSfifflfcifS 
£$-£6.rfca>*T#. heists- 

10 [ 0 0 2 0 ] LA> L&* { £> . V/Gffl<7)$ijffllt i 0 O S 

FvyynmLimtmtxhftnmjm. mi? 
^x^m^r^\nxm£xmm^hc\t\txt^: 

[0021] ^T^s^^^d^fitzyr?- v/ 

Gtt^)f^^»ccoJ:dt:LTP«Uc. #£Ae>B*6 
^-ft-fixl 0 0, 200, 300, 400mm<7)&fl® 

imtt. zmmmiiz&uxte. wsmnimzxh 
m.ttnm&z&ztix^^k. m&tmzm 
20 Wi%Mfffi¥ftt>tl. ttztuz^xm&evrmiz® 

&mzm&xV]m%E&ttifi£ft&t:#>iz. $£>t 
mmwxcm&ftmmviZimgkt^miL. # 
irecoiag* y<7>i^i t lx. ztit ±mmm 
mz£hm&mm?nm.*m.ftmt bxmv&gkft 

Gmzimt Lxxs&^m^LtzcoAm2X't>i>. 

30 [0 02 2] 02*^^*^idtC. V/Gffl;W).20 

?5**a9fe*3"4. V/GftW.2 0mm2 /*C • mi 
n J: D±£ < (3ttiTi&JRiM. OSF'J>/l 

£is«L m^m^mmmicomizmm^itrh. 
zzxi8&mmcoTmzmfo&Mizm&%<~$i 



[ooi6] &±v> x d iz. maoc zmizx y n 

fcRfcO* x -;\<igB££ toe t \, 
[0017] #3£Bjj<7)BWJi. ^Mti)^oT«W^diia 
fl^SHMKrC Z&WJ&^y symtgfi^x-^*} 

[0018] 

{cos F y y ^%±fi[gfc:P8 Li^o J: 3 ^fi^5r»H 
[0019] H-^fiBfe^*-rSte H B B WB^IST1i. O 

s f y y^cog«j£ B Q ^i#±w^fcte#LT^fl: 



(0.20 mm! /X ■ min ) JJ8fcM&fWM> 

ttamm^3 omm&x<r)tm.t<mx\$-%. (o. 

40 <£.wxx±t%z>. -eLT. *-yhy-y«jt*»m 
[0023] ^5:^. *»/ fV-y«jifc^#±{fa 

S^^^St. •ec0WJi^lS* s l$o|£ H B B g^r|plT-OV/ 

mm&tti&%fccosFv>rtfmi-t&. x->xb\ 
^itfas^'vi om&iiVx-'wmmmzosF 

50 th. 3\$Umg&1&T'thtV/GimteVz , v 
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[0024] zzx&B-f^ztli. czmizx&is 
y 3 >m$&1?&xnm&Ikcvmft3Mizi5 ^xm 

ZMttczv/Gimtf-zzt. wm-ttuiv /giz 

^XhhZt. Lfrtm:C0^!&X'iiim&c?>3\$±. 
vmmzwm< V/G MMtf—WtliZ&Ttf 0 Sr&fc 

2£T'£>&. 

[0025] V/Gftifc&s^T^O fc=3rS^«. 

l<J6^j*. J£Srt<ofiictri6jias^i;*s+'£.^fc:JtL 

Xftft&X-kZ^ZtlziZ. -ffrb*^ V#-£<o# 
®TG ^'C*^ ^(■S'M^* 1 d izWxxmtt 
V/G ftSfcttrTtf 0 1 %h . -tWfcftffi&rt^BM? 

[0026] 01£.tfV«sVi Oti&fci^x-'WlWMa 

iWifiaHRoWMWE-C**-. v#Vi 
{CO SFU V*W»*U *<3ftMiigX«Ha2:&S 

a>\ w&mtiBjmim&th. ztuwmgtfi 
x-$> *) m i ( a ) fcffls-rs . v^-sgtcgv >v 4 t^s 
t . *t x wvtK&aico spy vrimsL t . -et^MS 

^waai (b) trffl^^+sfflriST-fes. 
vjwei=»w 6 c&st. osFyy/tt+^sra 

JrtiHl (C) fcffl^Sffi&WJfcT'&S. ifcfiC:, 
mik>t»b®TV/GZmil s $it%m. 2 0H). 2 2m 
m* /"C iin fcfcSl/Ci. tefl^^&Jfofcfcfc 
^TV/G#ffiTWctf>ie. +6tfHftlttstt?9 

[0027] <i?>J:d(c. czififciis^ya^JIHSia 



[002 9] Jftfl&^UayJIUtt^xr-'Sa, cz 

ffiti 9W«5*ut^y a x-^-cfc-j-r; 

x-vvC* 0 . x -A^jji^fit? JXfim 

[0030] 4fc*3W»5'>x-/>M6*S6l4. C Zi£ 
■CJ/ynyflllSft^WMM-Siet:. 3l£±ffi£&£V 
(mm/min ) kU S' , J3>'iMbN»l 3 OOTCxT 

¥*Jffi£G (r/iin ) kfikS, V/Gffi3:*&&+ 

3 ommi-wxatoiarctto. 

2 0-0. 2 2 mm* /C ■ nin t ||AM>JBP63 0 

mm*T<o{aat*gfi^«taait<^isrcJ4o. 20-0. 2 

2 mm* /Cnin t^S^t < I£^^h^(C|6|^^> 
[0031] 

[ftffl] «tw)")i-«a. osFyymx-A 

4"C<a(TjHM L«HBaflr**>xw\-c*40"C. O S F 

v^i..J:oT^fcfcfc9«WaB««tV«*«^x- 
[ 0 0 3 2 ] *^HBW^xWM|jS^-C«i. £ 

ii&iimTv/Gmimzmmcox.mwz> * 3 tec 

tt. 0.2 0mmVt- min T-gT* *) . USffiii. 
^H*»^> 3 0 mmSNKiaMHZ&VYtt^ 0. 2 2 mm* 
/C-min X'—gX'b*). 51-m^30ramit<W 

V/G.«fctJhft«WMfflfc«a»H*»^3 0 mrnJW 
fiBt cO^TJiO. 2 0—0. 2 2 mm* /C - min £: U 
*SjyWaa»£> 3 0 mm* t^figfcifePaWafiMfc^S 
T«0. 2 0-0.2 2mm* /C-min i:-t£*>gL<»i 
*S B B ^fc|6J*»->TaSi^!ni$-B:S £ fc (? J: 0 . O s F 



Jgj£U#SV/G*sfiR6rt£fc: i>Mrt> £>i\ V/G# 

[0028] L&LWb. htmz. m&&mim 
£&^xmmth4i£')m»b-9-&zb#x'Ztiti. 

WjfoV>^tzti^Xim<?>mit:&}±-$-Z Z t tfTS 
izX oTBV/G *H2fc96»-C*t i 3 %SK7bMtt 

*±ooiwai:'t4ik3& f c , &. mte B B B «o@ 
^^iz^xmsmmm^ti. zzizziit 

&Zt£m.L. *m\£^f8.mt&lz^tz. 



[ 0 0.3 3 ] HRtlfiSrt^tt^lil^^ffiti^vSt 

40 l£ B B B J: 0 t>Tfcfc 0 » JS^i* t ^ffl^figS-e&S 
£fc*fe, ^*ffl*^g£AL^I»5£A^ B B B *2:5l^± 

miz^xix&v&gttomm wh> tr&i*^ 

^ffl?^vTOtlS B B B ^ffi*^«m* f ^§<. ^ 

^±im&x-m&<v&&ftw/G<rmimi5 

idiczjmt. +'ii>^T v/ G«A<a 2 vtessm. 
50 «cft->fc t lt t . tmtzfrK t zamm-m 
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fu &&?yx?tfmii-&ffi&mmtzib. use? 

[ 0 0 3 4 ] L*> Li£(C fe&tf&iPSfUc < Z*p 

#S©iretciaj^^3atl* 5 ^^ < =5r S ^ fc *i=Sr v ^ „ 
fc*><^ «aa^3*ifc<v«£3T**cz4PC' 
V/Gffl«g*[6ifc-£*\ i>L<»±^Jg*U 

z$mm>t>ftti& t ku&w o s f u > 
rm&nw&xim tizismfm^x-b o %w 

[0035] ^rt^m^fcjfi^KsastcfcJtsjas^ 
<mM*jmtm«izm&hzk££'>x. mu&t 

czs;fc*rtvttt» 9l«J^Jboilt^^fP3«lMlMfe^nai 

MLX. v/G*t-jg(c«r*.J: 3fc9l*±H?KVfc|| 
.«BBIP^BftWI*±Wa«ffctMILfci: UT 



GjWSX— J&C. £> 3 0 m m 2 TcoSiSfciSV ">T 
li^«fcl«]3&»^rv/G*Jjpiifc:JtWSJ:pfc:. JJE 

o 0-7 o ommi3maa\*±ifaxi>t>. 

[oo3 9 1 jja*fr*»5£tfca. 1 8" w&miz 

3KK£»A£' U 3 y £ 6 5 k g Ail. tfn^ F-T 
IT. ^JS B B H ^y3VSrJM«IL. »'15 0mm 

Ttsa*fi*ffl*« < i o o > *>«sa£3i# junta* 

0. 4 5mm/min COfijTC^S 1 3 OOmmitML 
10 fc. 

[0040] IM^ISafrtSAtt&lftl jiTfi 
. 5mmTfl)0aiL. HFfcitfHNOs *^^&^6M 

zv&mitokX'V yxL&MZtt. zm-yrtv 

£ 8 0 0°C/4 h r + 1 0 0 0^/1 6 h r SBS®** 

^c^^^04{^-r*^ WytKHtf) 
jKMtBTOJ: dfcS3<0|f«|gmfcJtl5-rst><0i:^ 
ofc. 044»W^i»IS H I^M*^^§'C. 
20 H3*««IS±»f»fc»lW*.. 

[0041] 3I£ _Bf SSLgV kU)&i)*t> 130 0X;^t' 

(OteBmSriinffljg^ffiW^ttGfcoJtv/Gji. 

0S&rnfctf>'&gK>4 5mmtf>fta*T'fc«IB'-5£tt 

X\ 4 5mmcr>&m>L>imm®izfai>>->ximizm* 

LX^t. 4"6*^4 5mm^)fiSli«-m^3 
OmmCO&MXibt. 

[0042] V/G£Z<7>*. d fc«lLfc«*. teal h 
•y7-*>^2 0 0mmiT'O«Cfr|6iaaftt. teal*^ 
T'*)V/G#0. 2 0mmVC- nin £9TC&D« 
30 ft^mzm.®.? 7*5 tf%3E. Liz . 2 0 0mmH5 0 
OmmfcWtfcL IMMMjOTOV/GiPD. 2 2-0. 
2 0 mm* /*Cmin fc^-oTtiD. ^t4 0 0mmiS 
STI4te B |'t"C.^'c.4 5mm^-C'^^T'V/G3W). 2 
2-0. 2 0mm! • min fc*JI8S*U 4 5mmH 



±.img.comsnzm,x. zwrm&Mmztvz^tz 

[0037] 

[mfcw &LTiz*m*7ymtmmw-??>. 
[00381 18- wmw*-*y*mm.mz 
hK6~ m&cr)iif8ftm%czwz}5^x. tmom 

P5mm s ^□g2 0 0mmO^nitJg«<7)fiStigK 

mir^3 0mmZX(r>m®m<miz&^XiiV/ 



fo^m'v/Gimxwffl&ftiz'mztititzto. m 
isj^To sfd yy^mvm^3m<n^<m<mm 

tfao^\n^0^\t&btVkfrr>tz. 5 0 0mm*' 

h&& : T-MzM j rx<mtiLX-\$. ma&bttr&v/ 

40 G*«0. 2 2 mm 2 /X, - min imttztdto. O S F 'J y 

[0043] ^^J;d^fe*Sr^*i.T»Ct^ 05{C* 
f <k 3 (C, HuSHMIlttJftl. 4 0 0 mmilf mr<0V/ 

*>. *£ B 3 B 4>'t^A>4 5 mm*T^«TV/G*50. 2 2 
-0. 2 0 mm 2 /X. ■ min IZimZtl. 4 5 mm4>^ 

ffll<7)^T-v/G*«#stcii]!iirts 1 o wsawsnflrr 

50 < 1 0 0 > . MalrS 13 0 0 m m^^fi^W^L^. 
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[01] CZffiTW«L7t>-U3y*tea»>xW\^ 
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1 0 



[02 ] fltttfcig&g^fiftMi: Ug»£V/Gfc Uz 
[03 ] StW^^Bg^fiEt LSHtt^ V/Gt bfe 

thnm^cnm* (v/GfflgL) fci^^^S:^ 

[04 ] IS^I|ll^^O«T'<7)XPi5**^*t«5e0T- 

[05] mmmn&jjfoimt wmzv/Gttt: 
tzomcom (v/Gffls) t5£vzMftm*t 
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